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ABSTRACT 

Presented is a s e l f - c o n s i s t e n t  model atmosphere f o r  the p lane t  
Venus, with emphasis on parameters of general  use i n  developing vehic le  
design c r i t e r i a .  Kern and Sch i l l i ng ' s  program [l] f o r  generat ion of 
atmospheric parameter values  is coupled wi th  the  most r ecen t  es t imates  
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d i f f e r e n t  a l t i t u d e s .  A range of i n i t i a l  values  is used t o  produce a 
p a r a m e t r i c  band most r ep resen ta t ive  of actual condi t ions.  Because of 
the extreme pressures  and temperatures involved, it is f e l t  that design 
f o r  such an environment presents  a n  engineering problem of the f i r s t  
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TECHNICAL MEMORANDUM X-53497 

THE ENVIRONMENT OF VENUS: A DISCUSSION OF 

ITS ATMOSP" AND SURFACE 

SUMMARY 

A se l f - cons i s t en t  model atmosphere f o r  the  p lane t  Venus is  pre- 
sented,  with emphasis on parameters which a r e  f e l t  t o  be of general  use 
i n  development of veh ic l e  design c r i t e r i a .  The most recent  es t imates  
of sur face  condittons are used as i n i t i a l  input ,  and use is made of 
Kern and Sch i l l i ng ' s  program [l] f o r  generat ion of atmospheric param- 
e t e r  values .  A range of i n i t i a l  input  is used t o  produce a parametric 
band which would be most r ep resen ta t ive  of a c t u a l  condi t ions.  Because 
of the extreme pressures  and temperatures involved, i t  is  f e l t  that 
design f o r  such an environment presents  an  engineering problem of the 
f i r s t  magnitude. 

I. INTRODUCTION 

Because of the geneFal lack of knowledge about the atmosphere of 
Venus , there  have been few se l f - cons i s t en t  model atmospheres appearing 
i n  the  l i t e r a t u r e .  This model is presented t o  a i d  i n  the  formation of 
usefu l  veh ic l e  design c r i t e r 2 a .  A greenhouse model is used t o  der ive  
i n i t i a l  values ,  which a r e  then used t o  generate  atmospheric parameters. 
Output found t o  be usefu l  includes atmospheric pressure,  molecular- 
s c a l e  temperature, geometric a1 t i t u d e ,  g r a v i t a t i o n a l  acce le ra t ion ,  
atmospheric dens i ty ,  p o t e n t i a l  pressure s c a l e  he ight ,  columnar mass, 
approximate number dens i ty ,  geometric pressure  s c a l e  height ,  geometric 
dens i ty  s c a l e  he ight ,  p o t e n t i a l  dens i ty  s c a l e  he ight ,  mean f r e e  path,  
and speed of sound. 

11. PROGRAM DESCRIPTION 

A. General Method 

The computer program used i n  the  cons t ruc t ion  of a Model 
<k Atmosphere of Venus is a modif icat ion of Version A of Kern and Sch i l l i ng ' s  
4 I'Modat: A Computer Program f o r  the  Construction of Model Atmospheres" 

[l]. It performs a numerical i n t eg ra t ion  of the  hydros ta t ic  equation by R 



providing a step-wise eva lua t ion  of the system of equations def in ing  an 
idea l  gas atmosphere. The subsc r ip t s  "j" and I'mrr denote the i n t e r v a l s  
over which the g rad ien t s  are constant  w i th  "j" def in ing  the  i n t e r v a l  of 
temperature g rad ien t  and "m" def ining the t interVal o f  molecular mass 
gradien t .  The s u b s c r i p t  "i" ind ica t e s  sub in te rva l s  of evaluat ion i n  
the  j" and I'm1' i n t e r v a l s  . 

The program cons i s t s  of seven sec t ions  - a cont ro l  rou t ine  and 
' s i x  subrout ines .  The cont ro l  rou t ine  reads i n  va lues  f o r  the following: 
(1) the number of va lues  the  temperature g rad ien t  w i l l  take,  (2) the 
number of values  the  molecular mass grad ien t  w i l l  take,  (3) i n i t i a l  
values  f o r  the  geometric a l t i t u d e  and i ts  increment s i z e ,  molecular- 
scale temperature, molecular mass, atmospheric pressure  and g r a v i t a t i o n a l  
acce le ra t ion ,  ( 4 )  the  Boltzmann constant  and universa l  gas constant ,  (5) 
e f f e c t i v e  p lane tary  r ad ius ,  ( 6 )  terminal value of geometric a l t i t u d e ,  
and (7)  temperature and molecular mass lapse rate.  The cont ro l  rou t ine  
a l s o  sets up the i n i t i a l  condi t ions,  calls the  subrout ines ,  tests the 
condi t ions f o r  changing the  increment s i z e  of geometric a l t i t u d e ,  tests 
the value of geometric a l t i t u d e  f o r  condi t ions of  changing lapse rates, 
and tes ts  f o r  conditions of terminating the program. The program termi- 
na tes  whenever the  temperature is  l e s s  than l O o K  o r  when the terminal 
a l t i t u d e  has been reached. 

Subroutine Head p r i n t s  out  the  input  constants  , i n i t i a l  condi- 
t ions  and the  headings f o r  the output.  

Subroutine Xmass contains  the condi t ions and equations f o r  
def ining molecular mass and C y  which is def ined as molecular mass 
divided by the  gas constant .  

Subroutine Press contains  the condi t ions and equations f o r  
def ining pressure.  

Subroutine Define evaluates  the remainder of the system of 
def ining equations . 

Subroutine Output p r i n t s  the evaluated va r i ab le s  f o r  each va lue  
of the  independent va r i ab le ,  geometric a l t i t u d e .  The output  cons is t s  of 
the following: geometric a l t i t u d e ,  Z ( 1 ) ;  pressure ,  P(1) ;  temperature, 
T ( 1 ) ;  dens i ty ,  RHO(1); po t en t i a l  pressure s c a l e  he ight ,  WRIME(1); 
columnar mass, CM(1);  po t en t i a l  he ight ,  SH(1); e f f e c t i v e  g r a v i t a t i o n a l  
acce le ra t ion ,  G(1); the  geometric a l t i t u d e  a t  which temperature grad ien t  
changes, HEIGI-IT(1) ; temperature lapse  r a t e ,  TL(1) ; molecular mass, XM(1) ; 
geometric a l t i t u d e  a t  which molecular mass changes, SHMASS(H); mass l apse  
r a t e ,  -@I); number dens i ty ,  XN(1); geometric dens i ty  s c a l e  height ,  
W O ( 1 ) ;  and geometric pressure s c a l e  he ight ,  H ( 1 ) .  

The l i s t i n g  of the program, i f  des i red ,  can be obtained from 
M r s .  J. A.  Scissum, R-AERO-Y, MSFC. 

. I. I . _ , . . . . .  



B. Mathematical Basis 

I n  an a c t u a l  p lane tary  atmosphere, ava i l ab le  empirical  data must 
be taken i n t o  account f o r  de r iva t ion  of parameter values .  This is done 
by permit t ing s u b s t i t u t i o n  of composite va r i ab le s  f o r  unknown data a t  
any a l t i t u d e .  

I n  t h i s  s p i r i t ,  combination of the pe r fec t  gas l a w  and the 
hydros ta t ic  equation permits the  atmospheric pressure a t  any a l t i t u d e  
z t o  be found by the r e l a t ionsh ip  

where 

R = universal  gas constant  

g = e f f e c t i v e  g r a v i t a t i o n a l  acce le ra t ion  

m = mean molecular mass 

t = t r u e  k i n e t i c  temperature. 

The program makes use of the concept of g r a v i t a t i o n a l  po ten t i a l  
he ight  above the p lane tary  sur face ,  h (z ) ,  which is defined a s  

Z 

0 

Since the mean molecular mass is a funct ion of a l t i t u d e ,  we may def ine 
the  molecular-scale temperature as a composite var iab le :  

3 



The combination of t h i s  s u b s t i t u t i o n  with the  concept of po ten t i a l  height  
allows the pressure t o  be wr i t t en  as follows: 

Let us def ine  the lapse r a t e ,  L, as the v a r i a t i o n  of molecular- 
s ca l e  temperature with po ten t i a l  height ,  L(h) = aT/ah. 
fo r  convective equilibrium within a c e r t a i n  height  i n t e rva l .  
case, 

L(h) = constant 
In  t h i s  

T Chll 
p[h21 = [hll T[hl] + L(h) (h2 - h,) 

For isothermal equilibrium, L(h) = 0; then 

P b 2 1  = PChll exp [ - - mZTgo 

It is  now poss ib le  t o  evaluate the pressure a t  a l l  l eve l s  of z and h for  
given values of t/m. 

With po ten t i a l  height  as the independent va r i ab le ,  the remain- 
ing atmospheric-def ining equations appear i n  the following form: 

Atmospheric -Mass Density 

r h i  
z =  ( r  = radius  vec tor )  i r - h i *  

4 
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- Effective GravitaJional Acceleration 

Approximate Number Density 

Columpar- Mass of the Atmosphere 

Geometric P-ressure Scale Height 

RT, 
.I. - -- 
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Pot entia 1- Pressure Sca 1 e He ight 

RTi Hi=:. 
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Potential Density Scale Height 

m 
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Geometric Density ,Scale Height 

Mean Free Path 

RTi m 

f i f i  N mo 'a2 pi 
d =  

Speed of Sound 

1.4 RTi 
s =  * J  mo 

111. DERIVATION OF INITIAL PARAMEmRS 

The program which was used requi res  the following values:  su r f ace  
g rav i ty  , e f E ec t ive  p lane tary  rad ius  , atmos pher i c  pressure,  temperature , 
and mean molecular mass as a func t ion  of height ,  as wel l  as temperature 
grad ien ts  i n  given height  i n t e rva l s .  I n  the case of, Venus, i t  is d i f f i c u l t  
t o  spec i fy  even so bas i c  a quant i ty  as sur face  g rav i ty ,  s ince  the cloud 
l aye r  prevents an exact  determination of the p lane tary  r ad ius .  

Thus, some s o r t  of model must be used as a bas i s ,  and it  appears 
that one incorporat ing a greenhouse type of mechanism i s  most compatible 
with the r e s u l t s  of observat ion [ Z ] .  The model assumes t h a t  a thermal 
source f o r  r ad io  emissions ind ica tes  black-body temperatures of approxi- 
mately 600°K [3].  Recent Mariner measurements show t h a t  these tempera- 
tu res  o r i g i n a t e  from the sur face  [4]. 
l ed  us t o  t h i s  model. 

Let us now consider the d a t a  which 

6 



The planet Venus is  the  second c l o s e s t  p lane t  t o  the sun i n  the  
s o l a r  system, being about 0.72 t he  d i s t ance  from the sun t o  the ear th .  
It is unique i n  t h a t  i ts  o r b i t  is more near ly  c i r c u l a r  than that of any 
o ther  planet .  
the  earth!s,but it d i f f e r s  g r e a t l y  i n  its temperature, cloudiness,  and 
atmospheric composition. 
contained i n  Table I which has been r ep r in t ed  from Reference 5. 

Its physical  s i z e ,  mass and g r a v i t y  are s l i g h t l y  l e s s  than 

Orbi ta l  and physical  da ta  of the  p lane t  are 

TABLE I [51 

Orbi ta l  and Physical Charac t e r i s t i c s  of Venus 1 
1 J 

D i s  tance,  Venus t o  Sun (average) 

Eccen t r i c i ty  of o r b i t  

Inc l ina t ion  of o r b i t  t o  e c l i p t i c  

Inc l ina t ion  of equator t o  o r b i t a l  plane 

Orbi ta l  period ( s ide rea l )  

Orbi ta l  period kynodic from Earth)  

Radius (average) 

Mass 

Fla t ten ing  

Average Density 

Gravi ta t iona l  acce le ra t ion  

Rotation period 

I 

I 

108.2 x l o 6  lan 

0.0068 

3.39 deg 

6 deg 

224.7 days 

583.9 days 

6,100 km 

4.875 x lo2* kg 

0 

5.1 g 

8.8 m sec-2 

247 4 5 days (retrograde)  

The exceptional v i s u a l  br ightness  of Venus is due t o  i t s  s i z e ,  
proximity t o  the sun and t o  the  ea r th ,  and its high albedo (0.7 t o  0.8 
f o r  v i s i b l e  l i g h t ) .  
phase angle is similar t o  that expected f o r  a smooth sphere r e f l e c t i n g  
l i g h t  i n  a d i f f u s e  manner t h a t  is c h a r a c t e r i s t i c  of clouds. Also, the 
albedo of Venus is much the  same as  t h a t  of t e r r e s t r i a l  clouds; thus,  
the  br ightness  and h igh  albedo a r e  ind ica t ive  of the presence of a l aye r  
of clouds that surround the  p lane t  [ 6 ] .  

The v a r i a t i o n  of the  p l ane t ' s  br ightness  with s o l a r  

7 



As seen through a te lescope,  Venus has a l a r g e l y  f e a t u r e l e s s  
appearance. 
the  tops of the  clouds which cover the  p l ane t  cbmpletely, as proved from 
Mariner 11. 
that there  is some movement, a t  l e a s t  of the clouds. 

What is a c t u a l l y  seen is not  the  su r face  of the p lane t  bu t  

Fa in t  markings on the su r face  which change wi th  time ind ica t e  

The formation of clouds and var ious o the r  observat ions ind ica t e  
that Venus has an apprec iab le  atmosphere [7]. 
dence of a n  atmosphere is found i n  the occu l t a t ion  of the s tar  Regulus 
by Venus which occurred J u l y  7 ,  1959. G. de Vaucouleurs and D. H. Menzel 
found that the br ightness  of the star was  reduced t o  ha l f  as the l i g h t  
passed through the Venusian atmosphere a t  an  a l t i t u d e  of 56 ki lometers  
above the cloud top. 

The most convincing ev i -  

Two suggested components of the Venusian clouds a r e  i c e  and magnesium 
(and calcium) carbonate. These were suggested from the po la r i za t ion  of 
l i g h t  r e f l e c t e d  from Venus as a func t ion  of phase angle.  Other poss ib l e  
elements a r e  a s o l i d  polymer of carbon suboxide and d rop le t s  of  hydro- 
carbon oils. J. S. Strong has claimed spec t roscopic  evidence of s i g n i f i -  
cant  amounts of water i n  the form 06 i c e  c r y s t a l s .  With a l l  evidence 
considered, however, the na ture  of the p a r t i c l e s  i n  the clouds of Venus 
is uncer ta in  a t  present .  A s  f o r  the composition above and below the 
clouds , only one cons t i t uen t ,  carbon dioxide,  has been p o s i t i v e l y  i d e n t i -  
f i ed .  Other gases which may be present  a r e  carbon monoxide, oxygen, 
ni t rogen,  argon, and water vapor. A t  p resent ,  the general  consensus as 
t o  the composition is t h a t  the gaseous atmosphere of Venus contains some 
90 percent molecular n i t rogen ,  a few percent  (5 t o  10) carbon dioxide,  
roughly the same quan t i ty  of argon as i n  the  t e r r e s t r i a l  atmosphere, and 
perhaps a l i t t l e  oxygen. There may a l s o  be a very  small amount of water 
vapor [81. 

Liquid water a t  a temperature of 573°K (300°C) exe r t s  a vapor pres- 
su re  of near ly  100 atmospheres. 
therefore ,  does not  seem compatible with the small concentrat ion of 
water vapor a t  high a l t i t u d e s .  Furthermore, 673°K (400°C) is above the 
c r i t i c a l  temperature f o r  water,  and l i qu id  water cannot e x i s t  a t  a l l .  
It i s ,  therefore ,  very unl ike ly  t h a t  water can be found on Venus except 
i n  small amounts i n  the atmosphere. 

Liquid water a t  the  su r face  of Venus, 

I n a b i l i t y  t o  d i s t ingu i sh  sur face  f ea tu res  on Venus makes it 
extremely d i f f i c u l t  t o  determine the p l ane t ' s  r a t e  of ro t a t ion .  
is no de tec tab le  Doppler s h i f t  i n  the s p e c t r a l  l i n e s ,  and thus i t  is 
argued t h a t  Venus must be r o t a t i n g  very slowly, if a t  a l l .  
and Sklovsky (1961) concluded from t h e i r  measurements t h a t  the r o t a t i o n a l  
period was about 11 days. Studies of radar r e f l e c t i o n s  from Venus by 
Goldstein and Carpenter (1962) indicated that Venus was r o t a t i n g  i n  a 
retrograde d i r e c t i o n  i n  a period of 230 days plus o r  minus 40 t o  50 days. 

There 

Kotelnikov 

8 



A second s e r i e s  of measurements using a "range-gate" method indicated a 
re t rograde  motion of 250 days. Both of these measurements assumed the  
r o t a t i o n a l  axis t o  be perpendicular t o  the  o r b i t a l  plane of Venus; i . e . ,  
the  equator l i e s  i n  the  o r b i t a l  plane. During 1964, observations from 
the  Arecibo Observatory and J e t  Propulsion Laboratory showed the angle  
between equa to r i a l  and o r b i t a l  planes t o  be 6" and confirmed the r e t r o -  
grade d i r e c t i o n  of r o t a t i o n  of the p lane t .  
then determined t o  be 247 k 5 days re t rograde ,  and t h i s  is the present ly  
accepted r o t a t i o n  r a t e .  I f  t h i s  is co r rec t ,  then Venus does not  present  
the  same face  t o  the  sun continuously as the moon does t o  the ea r th ,  bu t  
each meridian faces  the sun about twice a year (224.7 e a r t h  days). 

The r o t a t i o n a l  period was 

Observations of the temperature of Venus by P e t t i t  and Nicholson 
(1955) i n  the range of 8 t o  13 microns gave an equivalent  black-body 
temperature of about 230°K. This value has been confirmed by Sinton 
and Strong (1960) and is i n  agreement wi th  the  temperature cs lcu la ted  
from r a d i a t i o n  balance a f t e r  allowing f o r  the high albedo. Opik (1961) 
measured the temperature to be 234°K and Sinton (1962) measured 236°K. 
The average temperature given by inf ra red  observations is  the same f o r  
both i l luminated and dark a reas  of Venus. Brightness temperatures of 
Venus from the thermal microwave emission from about 3 t o  10 centimeters 
were derived by Mayer, Alsop, and Drake i n  1956 and subsequent years .  
Values obtained i n  a l l  cases were approximately 600°K. Furthermore, 
there  was some v a r i a t i o n  wi th  the phase angle ,  whereas the inf ra red  
measurements indicated no s i g n i f i c a n t  d i f fe rence .  The br ightness  tem- 
pera ture  f o r  3.15 cent imeters  was found t o  be roughly 700°K on the s u n l i t  
and 550°K on the dark s'ide, while 10 centimeters gave about 650°K on 
the b r igh t  s i d e  and 575°K on the dark s ide .  
e x i s t s  a 100-degree d i f f e rence  i n  temperature between the i l luminated 
and unilluminated s i d e s  of the planet .  These temperatures measured a t  
super ior  and i n f e r i o r  conjunction a r e  assumed t o  approximate the s u r -  
face  temperatures of Venus. 

This means t h a t  there  

Three d i f f e r e n t  models, the greenhouse, the aeolosphere? and the 
ionosphere models, have been proposed f o r  the atmosphere of Venus based 
on the temperature v a r i a t i o n s .  Experiments ca r r i ed  out  by the Mariner I1 
space probe have ru led  out  the  ionosphere model; the greenhouse model 
appears much more l i k e l y  than the aeolosphere model although there  a r e  
s t i l l  some quest ionable  d a t a  [9].  

I n  the greenhouse model (Sagan 1960) , the microwave br ightness  
temperature i n  the v i c i n i t y  of 650°K on the  s u n l i t  s i d e  of the p lane t  
is regarded as the minimum poss ib le  su r face  temperature, the a c t u a l  
temperature being about 700°, whereas the in f r a red  temperature of about 
234O is a t t r i b u t e d  t o  the cloud tops. The higher temperature a t  the 
sur face  is then accounted f o r  by the greenhouse e f f e c t .  The p lane t  
absorbs s o l a r  r a d i a t i o n  which penet ra tes  the clouds and atmosphere. 

&e aeolosphere model considers  the region between the  sur face  of 
Venus and the  v i s i b l e  clouds a s  a region where wind i s  responsible  f o r  
the  su  p l y  of hea t  as w e l l  a s  the  gr inding and r a i s i n g  of dus t .  
(See aPso ~23). 9 



The heated su r face  e m i t s  in f ra red  r a d i a t i o n  that i s  absorbed by the  
carbon dioxide,  water vapor, hydrocarbon, etc.,  i n  the  atmosphere and 
re - rad ia ted .  
by r ad ia t ion ;  the  cloud tops,  however, r a d i a t e  h e a t  t o  space and are 
consequently much colder  than the  sur face .  

The su r face  thus absorbs hea t  b u t  l o ses  r e l a t i v e l y  l i t t l e  

The cloud he ight  has been estimated by assuming an  a d i a b a t i c  lapse  
rate (g/cp) between the sur face  temperature and the  top of the  clouds. 
Although the  exact  composition of the  atmosphere, and hence cp, is 
unknown, the  a d i a b a t i c  l apse  rate is about 8" pe r  ki lometer ,  and the 
minimum cloud top he ight  then turns  ou t  t o  be 53 ki lometers  when a sur -  
f ace  temperature of 650°K and a cloud top temperature of 230" are used 
i n  our model. We have taken t h i s  t o  be c lose r  t o  60 kilometers.  It i s  
pointed o u t  that the a d i a b a t i c  lapse  r a t e  is the  maximum rate  of decrease 
i n  temperature that a s t a b l e  atmosphere can have, s o  that the cloud tops 
w i l l  not  be lower than 53 kilometers bu t  may be higher.  
L. D. Kaplan (1962) estimated the  he igh t  t o  be 95 kilometers.  

I n  f a c t ,  

Using the greenhouse model, one would expect a somewhat lower t em-  
pera ture  i n  the  dark areas of the  p lane t ,  and t h i s  is  confirmed by 
observation; bu t  the areas are s t i l l  warmer than would be expected by 
comparison wi th  the  s u n l i t  and dark s ides  of the  moon. This d i f f e rence  
is  accounted f o r  by the s u b s t a n t i a l  atmosphere around Venus. The gas is 
a b l e  t o  t r a n s f e r  hea t  from the h o t t e r  t o  the  colder  s i d e ,  probably by a n  
advect ion process.  This d i f f e r s  from e a r t h  where. i t s  rapid r o t a t i o n  
cont r ibu tes  t o  the  convection of hea t  t o  the poles.  The cloud tops are 
a t  the same temperature on both s ides  of the  p lane t  s i n c e  it is presum- 
ab ly  not  a f f ec t ed  by the  sur face  temperatures o r  the atmospheric motions. 

Both water vapor and carbon dioxide have s i g n i f i c a n t  absorpt ion 
bands i n  the  in f r a red  region of the  spectrum, b u t  n i t rogen  does not .  A t  
one time, i t  was considered that s u f f i c i e n t  w a t e r  vapor was p resent  i n  
the Venusian atmosphere t o  permit most of the  su r face  in f r a red  r a d i a t i o n  
t o  be absorbed, bu t  t h i s  now appears doubtful.  The main c r i t i c i s m  of 
the greenhouse model is that carbon dioxide a lone  would not  provide the  
in f r a red  absorp t ion  requi red  t o  maintain high sur face  temperatures unless  
i t s  pressure was very high. 
q u i t e  high as indicated by the broadening of the l i n e s  i n  the absorpt ion 
band spectrum of the carbon dioxide.  The lack  of water vapor is thus not 
necessa r i ly  a f a t a l  ob jec t ion  t o  the greenhouse model [ lo] .  

However, the su r face  pressure i s  probably 

The spec t r a  of Venus obtained by Adams and Dunham were s tudied  by 
Spinrad (1962) using temperature and pressure t o  e f f e c t  the band spectrum. 
It was found t h a t  temperatures and pressures  var ied  over a considerable 
range f o r  d i f f e r e n t  s p e c t r a l  p l a t e s ,  e.g., about 220° to  440°K i n  tem- 
pera ture  and 1.5 t o  about 5 e a r t h  atmospheres i n  pressure with a d e f i n i t e  
c o r r e l a t i o n  between temperature and pressure.  An increase i n  one was 
assoc ia ted ,  i n  genera l ,  wi th  an  increase i n  the  other .  This appears 
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reasonable s i n c e  the higher  temperatures probably were recorded nearer  
the p l ane t ' s  sur face .  The he ights  a t  which these temperatures occurred 
i n  the atmosphere are s t i l l  unknown, b u t  the  s tudy  ind ica tes  t h a t  the 
su r face  pressure  is  a t  least  as g r e a t  as the maximum computed pressure  
(5 atmospheres) and probably much more. 

Proper t ies  of Venus s tudied  by Mariner I1 experiments were rela- 
t i v e l y  l imi ted ,  bu t  cont r ibu ted  s i g n i f i c a n t  knowledge by ind ica t ing  t h a t  
the centimeter length  r a d i a t i o n  is  mainly from the su r face  r a t h e r  than 
the  atmosphere. This,  as previously mentioned, ru led  out  the ionosphere 
atmospheric model. 

Readings of the magnetometer on the  Mariner I1 probe ind ica ted  that 
the magnetic f i e l d  s t r e n g t h  a t  some 35,000 ki lometers  from Venus was  not 
s i g n i f i c a n t l y  d i f f e r e n t  from that i n  in t e rp l ane ta ry  space. A t  most, the  
f i e l d  s t r e n g t h  a t  the  g iven  d i s t ance  could not  have been more than a 
hundredth p a r t  of the e a r t h ' s  magnetic f i e l d  a t  t he  same d i s t ance  from 
the sur face .  Moreover, there  w a s  no evidence of any increase  i n  the f l u x  
of charged p a r t i c l e s  that might be trapped i n  a r a d i a t i o n  b e l t  s i m i l a r  
t o  that i n  the t e r r e s t r i a l  magnetosphere. Although these measurements 
were made on the  s u n l i t  s i d e  where the  magnetosphere would be compressed, 
there  is  no doubt t h a t  t he  magnetic f i e l d  of Venus is  much weaker than 
the ea r th ' s .  
however, does not  a f f e c t  the  probable ex is tence  of an  ionosphere on Venus. 
I f  the Venusian ionosphere i s  assumed t o  be about the same as the e a r t h ' s ,  
i t  would be from 150 t o  300 ki lometers  t h i ck  and have an e l ec t ron  dens i ty  
of about l o 6  e l ec t rons  per cubic cent imeter .  
charged p a r t i c l e  dens i ty  exceeds lo8  e l ec t rons  per cubic centimeter.  

The f a c t  t h a t  a trapped r a d i a t i o n  b e l t  does not  e x i s t ,  

It seems un l ike ly  that the  

A mean d i e l e c t r i c  constant  of 2.5 f o r  the su r face  of Venus, which 
is s l i g h t l y  l e s s  than t h a t  obtained previously by r ada r ,  w a s  found i n  
1964 using C a l  Tech's high r e so lu t ion  twin-dish interferometer  radio-  
te lescope [ l l ] .  This r e l a t i v e l y  low d i e l e c t r i c  constant  previously led  
Fred Hoyle -(1955) t o  suggest  t h a t  the  su r face  of Venus may cons i s t  of 
l i qu id  hydrocarbons somewhat l i k e  petroleum o i l .  Although f a n t a s t i c ,  
the  d i e l e c t r i c  constant  is  about 2, and the poss ib le  ex is tence  of hydro- 
carbons can be cor re la ted  wi th  the carbon dioxide of the atmosphere. 

A more conventional view is t h a t  the  su r face  of Venus is s o l i d ,  
cons is t i ng  mainly of 
The d i e l e c t r i c  constant  of ve ry  dry  t e r r e s t r i a l  s o i l s  ranges from about 
2 t o  4 i n  consonance with r ada r  measurements. Because of high tempera- 
t u re s ,  hydrated minerals such as e x i s t  on e a r t h  a r e  probably absent.  

s i l i c a t e s  and carbonates of magnesium and calcium. 
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It has been found t h a t  f o r  Venus, l i k e  the moon, the bulk of the 
radar  echo power is  r e f l e c t e d  from smooth a reas  of the sur face  near t he  
center  of the d isk .  The way the  r e f l e c t e d  power f a l l s  o f f  toward the 
limb shows t h a t  the  su r face  of Venus is smoother than t h a t  of the moon, 
wi th  the  mean su r face  s lopes between a t h i r d  and a h a l f  those of the moon 
r111. 

With the  r o t a t i o n a l  period of Venus being 247 days, i t  is obvious 
t h a t  the Cor io l i s  fo rce  is 1/247 that of the  ear th .  If we consider t h i s  
negl ig ib le  and assume the low pressures  a t  the su r face  t o  be assoc ia ted  
wi th  the high temperatures,  the mean wind should be from the a n t i - s o l a r  
po in t  t o  the sub-solar  po in t  i n  the lower l e v e l s  and the  reverse  i n  the 
higher l eve l s  [12] .  

Data ava i l ab le  on which t o  cons t ruc t  a v e r t i c a l  p r o f i l e  of the 
elements pressure ,  temperature, and dens i ty  a r e  the approximate tempera- 
tu res  a t  cloud top l e v e l s  and the sur face  temperatures on the s u n l i t  and 
dark s i d e  of the p lane ts .  Spinrad has computed a pressure of about 0.6 
atmospheres a t  cloud top on the s u n l i t  s i d e ,  and the occu l t a t ion  of 
Regulus has given a pressure a t  about 56 ki lometers  above cloud top on 
the dark s i d e  of about 2.6 x mbs. Accuracy of both of these measure- 
ments must be considered order of magnitude only. Using these da ta ,  
Sagan (1962) has computed pressures  of 540 mbs a t  cloud top height  on 
the s u n l i t  s i d e  and 90 mbs on the unilluminated s i d e ,  bu t  has made no 
a t t e m p t  t o  reduce these t o  a sur face  pressure.  

The sur face  pressure  of about 30 e a r t h  atmospheres has been se l ec t ed  
as the most probable mean sur face  pressure,  b u t  the t r u e  mean pressure 
may wel l  l i e  anywhere between 10 and 100 e a r t h  atmospheres, and the  
l i t e r a tu re  contains re ferences  of even a g r e a t e r  range. Differences i n  
the  sur face  pressure on the dark and s u n l i t  s i d e  from the mean value may 
e a s i l y  be plus or  minus one atmosphere. At high a l t i t u d e s ,  the g r e a t e r  
pressure w i l l  be 011 the  s u n l i t  s i d e ,  i .e . ,  the  opposi te  of the sur face  
pressure d i s t r i b u t i o n .  

IV .  RESULTS 

The r e s u l t s  may be divided i n t o  three  main sec t ions :  maximum, mean, 
and minimum values .  The a c t u a l  values  f o r  each parameter should f a l l  
somewhere i n  t h i s  band. The mean values  are divided i n t o  two cases ,  one 
f o r  the dark s i d e  and one f o r  the l i g h t  s ide .  The following molecular 
weight d i s t r i b u t i o n  is used f o r  a l l  four  cases:  29.6 from the sur face  up 
t o  120 ki lometers ,  29.6 t o  29.0 from 120 t o  130 ki lometers ,  29.0 t o  25.0 
from 130 t o  260 ki lometers ,  25.0 t o  5.0 from 260 t o  1,260 ki lometers ,  and 
5.0 t o  1.5 from 1,260 t o  15,000 ki lometers .  The cloudtop is  taken t o  be 
a t  60 kilometers except i n  the  maximum case,  where i t  is  taken t o  be a t  
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80 kilometers.  The atmosphere i s  considered t o  be i n i t i a l l y  10 percent  
Con and 90 percent  N2 i n  a l l  cases;  and the  thermosphere lap'se r a t e  is 
taken as 14.85"K/kmY wi th  the  thermosphere lapse  r a t e  beginning a t  310- 
340 kilometers.  I n  a l l  cases ,  the  p lane tary  rad ius  was  taken as 6,040 
kilometers.  A l l  lapse r a t e s  used appear -  i n  th8 pr in tout .  

I n  the  maximum case,  su r f ace  pressure is 100 atmospheres, and s u r -  
face  temperature is 800°K. The average temperature lapse  r a t e  i n  the 
troposphere is -7.08"K/kmY wi th  a tropopause he ight  of 90 kilometers.  

I n  the  mean case,  the  su r face  pressure i s  30 atmospheres wi th  a sur -  
face  temperature of 700°K f o r  the l i g h t  s i d e  and 600°K f o r  the  dark s ide .  
The tropopause height  is 70 ki lometers ,  with an average temperature lapse  
r a t e  i n  the  troposphere of -7.70"K/km f o r  the b r i g h t  s i d e  and -6.10"K/km 
f o r  the dark s ide .  

I n  the  minimum case the  su r face  pressure is s e t  a t  10 atmospheres, 
and the  sur face  temperature a t  600°K. The average temperature lapse  
r a t e  i n  the troposphere is  -6.1O0K/km, with a tropopause height  of 
70 ki lometers .  

The r e s u l t s  a r e  presented i n  p r in tou t  form, with the p r in tou t  being 
broken up i n t o  four cases .  I n  the p r in tou t ,  the parameters a r e  presented 
i n  the following un i t s :  atmospheric mass dens i ty  i n  gm/cm3, g r a v i t y  i n  
=cm/sec2, geometric s c a l e  he ight  i n  cm, pressure i n  dynes/cm2, p o t e n t i a l  
dens i ty  s c a l e  height  i n  cm, geometric dens i ty  s c a l e  he ight  i n  cm, mean 
f r e e  path i n  cm, and speed of sound i n  cm/sec. The values  ca lcu la ted  
f o r  speed of sound a r e  physical ly  meaningless a f t e r  about 100 ki lometers .  
Atmospheric dens i ty ,  pressure and temperature a r e  presented i n  Figures 
1 through 3. The authors  a r e  g r a t e f u l  t o  Thomas S. Dollman, NASA, f o r  
a i d  i n  the generat ion of these graphs. 
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Fig. 1.  VARIATION OF ATMOSPHERIC DENSITY 
WITH HEIGHT FOR FOUR CASES OF SURFACE CONDITIONS 
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